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(§4) Polymeres amphiphiles hydrosolubles, leur procedd de preparation et leur application comme epaississant 



6?) Polymeres amphiphiles hydrosolubles de formule g6- 
nSrale (I). 



4 CHj-CH —\ ( ch 2 -ch — \- 

y COOK/ m \ CONHR / n 



(I) 



dans laquelle R represente un groupe alcoyle en C e -C t6 , M 
represente un atome de sodium ou de potassium, m et n 
ob&ssent aux relations suivantes: m + n est compris entre 
environ 500 et environ 20000 et le rapport molaire m/n est 
compris entre 99,5/0,5 et 80/20, et dans laquelle les motifs 
N-alcoyl acrylamide sont r6partis le long des chaines poly- 
meres d'une maniere non statistique, procede de prepara- 
tion et application a titre d'agents 6paississants de solu- 
tions aqueuses salines. 
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La presente invention concerne des polymeres 
amphiphiles hydrosolubles , leur procede de preparation et 
leur application comme epaississant. 

Les polyacrylates de metal alcalin, de tres haute 
masse moleculaire, reticules ou non, sont largement utilises 
pour leurs proprietes epaississantes dans diverses composi- 
tions ou formulations industrielles destinees notamment a 
l'industrie textile, petroliere ou cosmetique. 

II est connu que les proprietes epaississantes de 
ces polymeres diminuent fortement en presence de sels 
mineraux. 

On recherche done des polymeres hydrosolubles 
susceptibles d'epaissir convenablement des fluides aqueux 
contenant en solution des sels mineraux tels que les boues de 
forage, les compositions destinees a 1« impression pigmentai- 



re. 



On a ainsi propose des polymeres amphiphiles 
hydrosolubles a base d'acide polyacrylique dont quelques 
groupes carboxyle ont ete trans formes chimiquement , en milieu 
solvant organique, en groupe N-alcoyl carbamoyle repartis 
d»une maniere statistique le long des chaines polymeres (T.K 
WANG et al, ACS Symp.Ser. , 1991, 467, Water-soluble Polymers, 
218-231, et Polym. Bull., 1988, 20, 577-582). Ces polymeres, 
quoique presentant en milieu aqueux, meme en presence de sels 
mineraux, des proprietes epaississantes, sont tres onereux a 
fabriquer industriellement. 

Or, la demanderesse a decouvert de nouveaux 
polymeres amphiphiles hydrosolubles presentant de tres 
interessantes proprietes epaississantes en milieu aqueux 
sal in. 

La presente invention a done pour objet les 
polymeres amphiphiles hydrosolubles de formule generale (I). 

fcH 2 -CH -j fCH 2 -CH V (I) 



COOH I m V CONHR/ n 



dans laquelle R represente un groupe alcoyle en C a -C 16 , M 
represente un atome de sodium ou de potassium, m et n 
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obeissent aux relations suivantes : m + n est compris entre 
environ 500 et environ 20000 et le rapport molaire m/n est 
compris entre 99 , 5/0 , 5 et 80/2 0, et dans laquelle les motifs 
N-alcoyl acrylamide sont repartis le long des chaines 
5 polymeres d'une maniere non statistique. 

Le terme alcoyle en C 8 -C 16 peut designer, par 
exemple, un groupe octyle, nonyle, decyle, undecyle, dodecy- 
le, tetradecyle, hexadecyle. 

L 1 expression "repartis le long des chaines d'une 

10 maniere non statistique" signifie que la repartition des 
motifs monomeres le long des chaines polymeres n'obeit pas a 
une repartition statistique selon la loi de Bernoulli mais 
que les motifs monomeres sont groupes respectivement dans des 
sequences SI et S2, la sequence SI contenant tres peu de 

15 motifs N-alcoyl acrylamide et la sequence S2 etant riche en 
ces motifs, Autrement dit, la repartition des motifs N-alcoyl 
acrylamide le long des chaines polymeres est plutot du type 
bloc. 

L f invention a plus particulierement pour objet 
20 les polymeres tels que definis ci-dessus caracterises en ce 
que dans la formule generale (I), le nombre de motifs m + n 
est d 1 environ 2000 et le rapport molaire m/n est compris 
entre 99,5/0,5 et 88/12. Parmi ces derniers polymeres, 
1 1 invention a notamment pour objet les polymeres de formule 
25 generale (I) dans laquelle R represente un radical octyle, 
decyle, dodecyle et tetradecyle. 

La present e invention a aussi pour objet une 
procede de preparation des polymeres hydrosolubles amphiphi- 
les de formule generale (I) ci-dessus caracterise en ce que 
30 l'on fait reagir, en solution aqueuse, a unpH d 1 environ 8 ± 
1, un acide polyacrylique de formule (II).. 

fcH 2 -CH -A— ( XI ) 
COOH / m+n 

dans laquelle m et n ont la signification deja indiquee, avec 
35 une amine de formule (III) : 

R-NH 2 ( m ) 
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dans laquelle R a la signification deja indiquee, en presence 
d'un carbodiimide hydrosoluble, I'on introduit ensuite dans 
le milieu reactionnel un exces d'hydroxyde de metal alcalin 
: MOH ou M a la signification deja indiquee pour salifier 
5 entierement les groupes carboxyles du polymere obtenu et 
qu'enfin, l'on verse le milieu reactionnel dans du methanol 
pour obtenir le polymere de formule generale (I) correspon- 
dant. 

Les acides polyacryliques de formule (II) ainsi 
10 que les amines de formule (III) sont des produits commer- 
ciaux. Comme carbodiimides hydrosolubles, on peut utiliser 
notamment ceux decrits par J.C Sheehaw et al, J, Org. Chem. , 
26, 2525 (1961), tels que le chlorhydrate d'ethyl-l (dimethy- 
lamino-3 propyl) -3 carbodiimide designe EDC, qui est un 
15 produit commercial. 

Dans des conditions preferentielles de mise en 
oeuvre de l f invention, le procede ci-dessus decrit est 
realise de la maniere suivante : 

. - la condensation de l'acide polyacrylique de formule (II) 
20 avec de l 1 amine de formule (III) est realisee a une 

temperature inferieure a 80 °C, sous agitation vigoureuse, 

- le carbodiimide hydrosoluble est ajoute a l ( etat solide 
dans la solution react ionnelle, 

la quantite molaire d 1 amine de formule (III) utilisee est 
25 comprise entre 1 et 3 n, ou n a la signification deja 

indiquee , 

- le rapport molaire carbodiimide hydrosoluble sur amine de 
formule (III) est compris entre 1 et 5, 

- l'acide polyacrylique de formule (II) est prealablement 
30 dissous dans une solution aqueuse d'hydroxyde de metal 

alcalin de formule MOH ovi M a la signification deja 
indiquee, de maniere a obtenir une solution presentant un 
pH d 1 environ 8+1. 

- 1" amine de formule (III) est prealablement dissoute dans 
35 de l'acide chlorhydrique de maniere a obtenir une solution 

aqueuse presentant un pH d' environ 8+1. 
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La repartition des motifs N-alcoyl acrylamide le 
long des chaines polymeres a ete determinee par RMN 13 C a 62,5 
MHz , avec un appareil Bruker WP 250, en solution a 8-12% en 
poids dans un melange D 2 0/CD 3 OD, 80-20 en volume* L' etude du 
5 pic de resonance du carbone du groupement carboxylate permet 
de connaitre la nature des motifs situes'en position vicina- 
le. Si on designe par A le motif acrylate de metal alcalin et 
par B le motif N-alcoyl acrylamide, on decele la presence de 
trois triades : AAA, AAB ou BAA, et BAB, dont les deplacement 

10 chimiques par rapport au TMS sont respectivement 185,5 ; 
184,8 et 183,9 ppiru Apres deconvolution de ces pics a l'aide 
d'un programme generant des courbes de forme Lorentzienne, on 
accede aux pourcentages molaires de ces differentes triades. 
Les resultats experimentaux ainsi trouves montrent que la 

15 repartition des motifs monomeres A et B le long des chaines 
polymeres n'obeit pas a la loi de Bernoulli et que les motifs 
B sont groupes preferentiellement dans des sequences riches 
en ce type de motifs monomeres. 

Les polymeres selon 1 1 invention sont done 

20 differents de ceux anterieurement decrits par K.T Wang et al 
(loc. citee) et B Magny et al, Polymer., sous presse, qui 
presentent une repartition statistique de leurs motifs 
monomeres A et B. 

Les polymeres selon l 1 invention, de formule 

25 generale (I) presentent d' interessantes proprietes epaissis- 
santes. Leur solubilite dans l'eau, leur pouvoir viscosifiant 
eleve et leur propriete anti-polyelectrolyte les rendent 
particulierement aptes a epaissir des solutions aqueuses 
chargees en sels mineraux. 

30 II est connu que la viscosite de solutions 

aqueuse de polyelectrolytes, reticules ou non, diminue 
fortement en presence de sels mineraux dissous. Or, les 
polymeres de la presente invention presentent un effet 
inverse, la viscosite de leur solution aqueuse augmente en 

35 presence de sels mineraux dissous. On designe cet effet comme 
une propriete anti-polyelectrolyte. Cette propriete est tres 
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avantageuse industriellement car la grande majorite des 
solutions aqueuses que l f on souhaite epaissir contiennent 
generalement des quantites plus ou moins importantes de sels 
mineraux dissous. 
5 Les polymeres anterieurement deer its par K-T Wang 

et al (loc. Citee) presentent egalement des proprietes anti- 
polyelectrolytes mais nettement moins elevees que celles 
presentees par les polymeres selon 1» invention. 

Les exemples suivants illustrent l f invention. 

!0 Les spectres RMN 1 H ont ete enregistres avec un 

spectrometre a transformee de Fourier operant a 250 MHz. Les 
echantillons ont ete dissous dans l'eau lourde. Le rapport 
d 1 integration du pic correspondant au groupe methyl terminal 
de la chaine alkyle (vers 0,07 ppm) sur celle du pic corres- 

15 pondant au groupe methine de la chaine polymere (vers l f 6-2,4 
ppm) permet de calculer le rapport m/n. 

Les spectres RMN 13 C ont ete enregistres avec un 
spectrometre Bruker WP 250, operant a 62,5 MHz avec irradia- 
tion de protons par bruit. La largeur spectrale est de 12 500 

20 Hz, l 1 angle de "pulse" de 30, le temps d 1 acquisition de 0,65 
s, le temps d f attente de 0,5 s et le nombre d 1 accumulation de 
50.000. La reference interne est du methanol d 4 (49 ppm par 
rapport au TMS) . La deconvolution des spectres est realisee 
par un calculateur HP 9836. La temperature des echantillons 

25 est comprise entre 45 et 60 °C. La repartition des triades 
AAA, BAB et AAB ou BAA, trouvee experimentalement est donnee 
dans la colonne des tableaux note exp., en comparaison avec 
celle calculee (calc.) par la loi de Bernoulli. 

Les viscosites, exprimees en mPa.s, on ete 

30 determinees sur un appareil "Low-Shear 30" de Contraves a bas 
gradient de vitesse (de 0, 06 a 1 s" 1 ) , a la temperature de 25 
± 1°C. 

Le rapport m/n a egalement ete calcule a partir 
des pourcentages ponderaux de carbone et d 1 azote trouves par 
35 1 1 analyse elementaire. 

Pour la designation des polymeres, on a utilise 
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la regie suivante : les trois premiers chiffres indiquent la 
masse moleculaire moyenne divisee par 1000 de 1' acide 
polyacrylique de depart. Le nombre suivant indique le taux de 
substitution exprime en pourcentage molaire. La lettre C 
suivie d f un nombre indique le nombre d'atomes de carbone de 
1 'amine utilisee. Enfin, la lettre P indique que le polymere 
a ete obtenu selon le procede decrit dans les exemples de 
comparaison C1-C5. 
EXEMPLE 1 

On lyophilise une solution aqueuse a 25% en poids 
d'acide polyacrylique, de masse moleculaire d 1 environ 
150.000, commercialise par Polysciences Inc. On obtient ainsi 
un acide polyacrylique sec et solide, designe par la suite 
150-OC. 

On dissout sous agitation , a la temperature 
ambiante, 7 g (97,14 mmoles) de 150-OC dans 39,2 ml de soude 
2M, puis dans la solution ainsi obtenue presentant un pH 
d' environ 7, on introduit lentement sous agitation, a la 
temperature ambiante, 12,2 ml d'une solution aqueuse, 
neutralisee a pH = 7 avec de l 1 acide chlorhydrique 1M et 
contenant 0,788 g (6,1 mmoles) d 1 octy lamine , et on abandonne 
ensuite le milieu reactionnel sous agitation jusqu'a l'obten- 
tion d'une solution homogene. Dans cette solution, on intro- 
duit ensuite a l'etat solide, sous agitation vigoureuse et a 
la temperature ambiante, 2,331 g (12,2 mmoles) de chlorhy- 
drate d'ethyl-3 (dimethylamino-3 propyl) -1 carbodiimide. La 
reaction de condensation est quasi instantanee et la solution 
reactionnelle gelifie en quelques minutes. On introduit alors 
dans le milieu reactionnel un exces de soude a 40% en poids 
de maniere a salif ier entierement les fonctions carboxyliques 
du polymere obtenu, puis le milieu reactionnel est verse dans 
un grand volume de methanol. Le polymere cherche precipite, 
on l'isole par filtration, puis on le lave avec du methanol 
et enfin on le seche a poids constant sous pression reduite 
a 50 °C. On obtient ainsi un polymere amphiphile hydrosoluble, 
de degre de polymerisation equivalent a celui du precurseur, 



a base d'acrylate de sodium et de N-octyl acrylamide, 95/5 en 
proportions molaires, et dont les motifs N-octyl acrylamide 
sont repartis d'une maniere non statist ique le long des 
chaines polymeres. Ce polymere est designe 150-5 C8 et ses 
5 caracteristiques physiques sont donnees dans les tableaux I- 
III. Le rapport molaire 95/5 du polymere obtenu a ete 
determine d'une part, par 1" analyse elementaire, et d' autre 
part, par analyse RMN *H et 13 C. 

EXEMPLES 2-9 

10 On reproduit I'exemple 1 mais on remplace 

I'octylamine par x mmoles d'une amine de formule (III) 
dissoute dans de l'eau, en presence d'acide chlorhydrique 1 
M de maniere a obtenir une concentration de 0,5 M et un pH de 
7, et en presence de 2 x mmoles du meme carbodiimide, EDC. On 

15 obtient ainsi differents polymeres de formule generale (I) 
correspondants dont les caracteristiques sont donnees dans 
les tableaux I-III. 
EXEMPLES DE COMPARAISON C1-C5 
(selon K.T Wang et al, loc. citee) 

20 On dissout sous agitation, a 60°C, 5 g (69,4 

mmoles) de 150-OC dans 150 ml de N-methyl pyrrolidinone-2 
(MPD) , puis dans cette solution agitee, maintenue a 60 °C, on 
introduit successivement, dissous dans 20 ml de MPD, y mmoles 
d f une amine de formule (III) et 1,1 y mmoles de dicyclohexyl- 

25 carbodiimide. Les introductions terminees, on abandonne le 
milieu react ionnel sous agitation, a 60 °C, pendant 24 heures, 
puis apres refroidissement a la temperature ambiante, on 
elimine la dicyclohexyluree formee par filtration et on dilue 
ensuite le filtrat avec de la soude a 40 % en poids. Le 

30 polymere cherche precipite, on l'isole par filtration puis on 
le lave successivement avec du MPD prealablement chauffe a 
60 °C, et du methanol ; le precipite ainsi lave est ensuite 
dissous dans de I'eau, puis reprecipite par addition de 
methanol. Apres filtration et sechage a poids constant a 50 °C 

35 sous press ion reduite, on obtient un polymere amphiphile 
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hydrosoluble, de degre de polymerisation similaire au 
precurseur, a base d'acrylate de sodium et de N-alcoyl 
acrylamide, dont les motifs N-alcoyl acrylamide sont repartis 
selon la loi de Bernoulli le long des chaines polymeres, 
5 comme mentionne par K.T Wang et al, loc.citee, page 578 et B. 
Magny et al, Polymer , sous presse. 

On a ainsi prepare les polymeres de comparaisons 
cites dans le tableau IV, dont les caracteristiques sont 
donnees dans les tableaux II-IV. 

10 L f examen des tableaux I-III montre que les 

polymeres selon 1' invention different des polymeres de l'art 
anterieur de meme composition monomere par une microstructure 
dif ferente qui leur confere un comportement rheologique dans 
l'eau pure et dans l f eau saline tres different. En particu- 

15 lier, dans l'eau saline, les polymeres selon l 1 invention 
presentent une viscosite qui croit en fonction de l 1 augmenta- 
tion de la concentration en sel. Ainsi, par exemple, le 
polymere 150-5 C8 presente a 2,5% une viscosite de 34 mPa.s 
dans I'eau pure, a 25 °C, et une viscosite de 162 mPa.s dans 

20 de I'eau a 2 % de chlorure de sodium. Cet effet est surpre- 
nant et industriellement extremement interessant^ 
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TABLEAU II 



Rheologie de solutions aqueuses a C%de poly mere, a 25°C 









VISCOSITE 


(mPa.s) 








c % 


t cn r\r* 




150-5C8 


1S0-15C8 




150-3C8P 






0,1 


3,3 


2,9 


3,9 


3 


3,8 


2,9 


3,6 


4 


0,2 


4,4 


5,6 


5,8 


4 


5,4 


4,1 






0,3 


6,4 


63 


7,0 


4,8 


6,5 


4,9 






0,5 


7,9. 


8^ 


9,4 


6,2 


8,4 


10,2 


7,7 


8 


1 


11,9 


12,5 


13 


10,9 


14,2 


10 


11,7 


12,5 


2 


17,3 


20,3 


25 


330 


45 


14,8 


18,7 


60 


3 


25,2 


34 


71 


120000* 


440 


21 






5 


39 


85 


538 






34,6 






7 


53 


192 


4400 






49,1 






9 


71,1 


446 








70,3 






11 


105 


1024 








100 






13 


133 


3214 








127 






15 


177 


5446 








i68 







* determines avec un appareil de type CARRIMED CS 100. 



1 1 



CO JO N> 



oo b w 



Cu Xx 
^ ~Xx 



o 
cn 



cn 
^o 



o 
co 



oo 



0\ lex 



cn 



O N> 

C7V 



1- 

O £■* 

C\ 00 Xx 



j± J± V\ m C\ 

a oo w c\ b w w 



oo 



cn 

To 



cn c\ 



oc 



- k 5 £ 



co 

00 



vo 



cn 



xx cn 
h-* cn 



Xx 

CO 



oo 



CO 
to 



co 
xx 



OO 0C v~ 

cn In 



o co 



vo 
vo 



Xx 



cn 



XX 
On 



oc oo 



cn 

-4 



Xx 



o 



to cn o° 
^ o> -J 



cn 



O 

o 



o 

oo 



o 

oo 



O 

n 



at 
O 
oo 



Cr* 

o 

oo 
-3 



O 

n 



o 



7? 
ii 

to 



it 
to 



II 



CO 

a 
o 

CO 

W 
3 

S3 



»' C 
to 3 
cn w 

O £3 

c 

C 

co 
ro 

CO 

r> 
c 

<T> 
3 
£> 

o 

c 
Q 



r 

m 
> 



2693202 



12 



P 
< 



co 



3 



c 
o 



u 
a 
cu 



ii 



< 



Q. 



<L> 



CO 

F 1 



e 
E 



o 



a 
o 
"•3 

CJ 

C 

Q 



o 



co 
to 



to 



in 



00 



co 



00 



in 

T- 

00 



00 



CM 
CO 



of 

CO 



to 

co 
<o 



co 



CO 
■ 



lO r- 



O 

CM T~ 



o 



o 



o 

CO 



CO 



CO 
CO 

CO 



CO 

to 



co <o 
co 

CO O 



o o 
o o 



0) 

>* 

o 
o 



0) 

_ o 

° € 



8 

CO 

6 

IO 



CL 
00 

o 

to 

6 
to 



Q. 

CO 

o 
o 

5 

to 



01 Q- 

00 CM 

2 5 

to to 



c a 8 <J 8 



o 

to 

CM 

w 
3 

a. 

3 

C3 

o 

CO 

c 
cs 
■o 

CO 

•a 

"o 

a. 

c 

CM 

o 
c 
E 

is 



13 



REVENPICATIONS 



1. Polymeres amphiphiles hydrosolubles de formule 

generale (I) i . / \ 

CH 2 -CH -A tcH 2 -CH \ (I) 

COOM/ m \ CONHR/ n 

dans laquelle R represente un groupe alcoyle en C 8 -C 16 , M 
represente un atome de sodium ou de potassium, m et n 
obeissent aux relations suivantes : m + n est compris entre 
500 et 20000 et le rapport molaire m/n est compris entre 
10 99,5/0,5 et 80/20, et dans laquelle les motifs N-alcoyl 
acrylamide sont repartis le long des chaines polymeres d'une 
maniere non statistique. 

2. Polymeres selon la revendication 1, caracteri- 
ses en ce que dans la formule (I) , le rapport molaire m/n est 

15 compris entre 99,5/0,5 et 88/12. 

3 . Polymeres selon la revendication 2 , caracteri- 
see en ce que dans la formule .(I) la revendication 1, R 
est choisi dans le groupe constitue par les radicaux octyle, 
decyle, dodecyle et tetradecyle. 

20 4. Procede de preparation des polymeres de 

formule generale (I), telle que definie a la revendication 1, 
caracterise en ce que l'on fait reagir, en solution aqueuse, 
a un pH d 1 environ 8 ± 1, un acide polyacrylique de formule 

(id . . 

25 CH 2 -CH (II) 

\ COOH J m+n 
dans laquelle m et n ont la signification deja indiquee, avec 
une amine de formule (III) : 

R-NH 2 (m) 

30 dans laquelle R a la signification deja indiquee, en presence 
d f un carbodiimide hydrosoluble, l'on introduit ensuite dans 
le milieu reactionnel un exc&s d'hydroxyde de metal alcalin: 
MOH ou M a la signification deja indiquee pour salifier 
entierement les groupes carboxyles du polymere obtenu et 

35 qu ( enfin, l'on verse le milieu reactionnel dans du methanol 
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pour obtenir le polymere de formule generale (I) correspon- 
dant. 

5. Procede selon la revendication 4, caracterise 
en ce que la condensation de l'acide polyacrylique de formule 

5 (II) avec famine de formule (III) est realisee a une 
temperature inferieure a 80 e C. 

6. Procede selon la revendication 4, caracterise 
en ce que le carbodiimide hydrosoluble est le chlorhydrate 
d'ethyle-l (dimethylamino-3 propyl) -3 carbodiimide. 

10 7. Application des polymeres selon la revendica- 

tion 1, a titre d' agents epaississants de solutions aqueuses 
salines . 
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WATER- SOLUBLE AMPHIPHILIC POLYMERS , THEIR 
PREPARATION PROCESS AND THEIR USE AS THICKENERS 

The present invention relates to water-soluble 
amphiphilic polymers, their preparation process and their use 
as thickeners. 

Alkali metal polyacrylates, with a very high 
molecular weight, cross-linked or not, are widely used for 
their thickening properties in various industrial 
compositions or formulations intended in particular for the 
textile, oil or cosmetic industry. 

It is known that the thickening properties of these 
polymers are significantly reduced in the presence of mineral 
salts. 

Therefore water-soluble polymers are sought which 
can suitably thicken aqueous fluids containing mineral salts 
in solution such as drilling muds, and compositions intended 
for pigment printing. 

Water-soluble amphiphilic polymers based on 
polyacrylic acid were therefore proposed, a few carboxyl 
groups of which were chemically converted, in an organic 
solvent medium, into N-alkyl carbamoyl groups distributed in 
a statistical fashion along the polymer chains (T.K. WANG et 
al, ACS Symp. Ser. , 1991, 467, Water-soluble Polymers, 
218-231, and Polym. Bull., 1988, 20, 577-582). Although 
these polymers have thickening properties in aqueous medium 
and even in the presence of mineral salts, they are very 
expensive to manufacture on an industrial level. 

Now, the Applicant has discovered new water-soluble 
amphiphilic polymers having very useful thickening properties 
in saline aqueous medium. 

Therefore a subject of the present invention is the 
water-soluble amphiphilic polymers of formula (I) : 

[ CH 2 -CH —4 [ CH 2 -CH — 4- (I) 

V * COOM/ m \ CONHR/ n 

in which R represents a C 8 -C 16 alkyl group, M represents a 
sodium or potassium, atom, m and n satisfy the following 
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relationships: m + n is comprised between about 500 and about 
20,000 and the m/n molar ratio is comprised between 99.5/0.5 
and 80/20, and in which the N-alkyl acrylamide units are 
distributed along the polymer chains in a non-statistical 
fashion. 

The term C 8 -C 16 alkyl can refer to, for example, an 
octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl or 
hexadecyl group. 

The expression "distributed along the chains in a 
non-statistical fashion" means that the distribution of the 
monomer units along the polymer chains does not satisfy a 
statistical distribution according to Bernoulli's law but 
that the monomer units are grouped in SI and S2 sequences 
respectively, sequence Si containing very few N-alkyl 
acrylamide units and sequence S2 being rich in these units. 
In other words, the distribution of the N-alkyi acrylamide 
units along the polymer chains is rather of block type. 

A more particular subject of the invention is 
polymers as defined above characterized in that in formula 
(I) , the number of m + n units is about 2000 and the m/n 
molar ratio is comprised between 99.5/0.5 and 88/12. Among 
the last-named polymers, a particular subject of the 
invention is the polymers of formula (I) in which R 
represents an octyl, decyl, dodecyl and tetradecyl radical. 

Also a subject of the present invention is a 
preparation process for water-soluble amphiphilic polymers of 
formula (I) above characterized in that a polyacrylic acid of 
formula (II) : 




(ID 



in which m- and n have the meaning already indicated, is 
reacted, in aqueous solution, at a pH of about 8 + 1, with an 
amine of formula (III) : 



R-NH 2 



(III) 



in which R has the meaning already indicated, in the presence 
of a water-soluble carbodiimide, then an excess of alkali 
metal hydroxide: MOH where M has the meaning already 
indicated is introduced into the reaction medium in order to 
completely salify the carboxyl groups of the polymer 
obtained, and in that finally the reaction medium is poured 
into methanol in order to obtain the corresponding polymer of 
formula (I) . 

The polyacrylic acids, of formula (II) as well as 
the amines of formula (III) are commercial products. There 
can be used as water-soluble carbodiimides in particular 
those described by J.C. Sheehaw et al, J, Org. Chem. , 26, 
2525 (1961), such as 1-ethyl 3-(3-dimethylamino propyl) 
carbodiimide hydrochloride designated EDC, which is a 
commercial product. 

In the preferred conditions for implementing the 
invention, the process described above is carried out in the 
following manner: 

- condensation of the polyacrylic acid of formula (II) with 
the amine of formula (III) is carried out at a temperature 
below 80*C, under vigorous agitation, 

- the water-soluble carbodiimide is added in the solid state 
to the reaction solution, 

- the molar quantity of the amine of formula (III) used is 
comprised between 1 and 3 n, where n has the meaning already 
indicated, 

- the molar ratio of water-soluble carbodiimide to amine of 
formula (III) is comprised between 1 and 5, 

- the polyacrylic acid of formula (II) is dissolved 
before-hand in an aqueous solution of alkali metal hydroxide 
of formula MOH where M has the meaning already indicated, so 
as to obtain a solution having a pH of about 8+1, 

- the amine of formula (III) is dissolved beforehand in 
hydrochloric acid so as to obtain an aqueous solution having 
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a pH of about 8+1. 

The distribution of the N-alkyl acrylamide units 
along the polymer chains was determined by NMR 13 C at 62.5 
MHz, with a Bruker WP 250 apparatus, in solution at 8-12% by 
weight in a D 2 0/CD30D mixture, 80-20 by volume* Study of the 
resonance peak of the carbon of the carboxylate group enables 
the nature of the units situated in adjacent positions to be 
known. If by A is meant the alkali metal acrylate unit and 
by B is meant the N-alkyl acrylamide unit, the presence of 
three triplets is detected: AAA, AAB or BAA, and BAB, the 
chemical displacements of which relative to the TMS are 
185.5, 184.8 and 183.9 ppm respectively. After deconvolution 
of these peaks using a program generating Lor entz -shaped 
curves, the molar percentages of these different triplets are 
obtained. The experimental results thus found show that the 
distribution of A and B monomer units along the polymer 
chains does not satisfy Bernoulli's law and that the B units 
are preferably grouped in sequences rich in this type of 
monomer unit. 

The polymers according to the invention are 
therefore different from those described previously by K.T. 
Wang et al (reference already cited) and B. Magny et al, 
Polymer. , ready for publication, which have a statistical 
distribution of their A and B monomer units. 

The polymers according to the invention of formula 
(I) have useful thickening properties. Their solubility in 
water, their high viscosifying effect and their 
anti-polyelectrolytic property make them particularly 
suitable for thickening aqueous solutions loaded with mineral 
salts . 

It is known that the viscosity of aqueous solutions 
of polyelectrolytes, cross-linked or not, reduces 
significantly in the presence of dissolved mineral salts. 
Now, the polymers of the present have an inverse effect, the 
viscosity of their aqueous solution increases in the presence 
of dissolved mineral salts. This effect is referred to as an 



anti-polyelectrolytic property. This property is very 
advantageous on an industrial level because the vast majority 
of aqueous solutions that it is desired to thicken contain in 
quite considerable amounts of dissolved mineral salts. 

The polymers previously described by K. T. Wang et 
al (reference already cited) also have anti-polyelectrolytic 
properties but these are significantly weaker than those 
shown by the polymers according to the invention. 

The following examples illustrate the invention. 

The NMR *H spectra were recorded with a Fourier 
transform spectrometer operating at 250 MHz. The samples 
were dissolved in heavy water. The integration ratio of the 
peak corresponding to the terminal methyl group of the alkyl 
chain (about 0.07 ppm) to that of the peak corresponding to 
the methine group of the polymer chain (about 1-6-2.4 ppm) 
enables the m/n ratio to be calculated. 

The NMR 13 C spectra were recorded with a Bruker WP 
250 spectrometer, operating at 62.5 MHz with proton 
decoupling. The spectral width is 12,500 Hz, the "pulse" 
angle is 30, the acquisition time is 0.65 seconds, the 
waiting time is 0.5 seconds and the accumulation number is 
50,000. The internal reference is methanol d 4 (49 ppm 
relative to the TMS) . The deconvolution of the spectra is 
carried out with an HP 9836 computer. The temperature of the 
samples is comprised between 45 and 60 # C The distribution 
of the triplets AAA, BAB and AAB or BAA found experimentally 
is given in the column of the tables marked exp., compared 
with that calculated (calc.) using Bernoulli's law. 

The viscosities, expressed in mPa.s, were 
determined on a Contraves "Low-Shear 30" apparatus with a low 
speed gradient (from 0.06 to 1 s* 1 ), at a temperature of 25 
± l # C 

The m/n ratio was also calculated from the 
percentages by weight of carbon and nitrogen found by 
elementary analysis. 

For the designation of the polymers, the following 
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rule was used: the first three figures indicate the average 
molecular weight divided by 1000 of the starting polyacrylic 
acid. The next number indicates the substitution rate 
expressed as a molar percentage . The letter C followed by a 
number indicates the number of carbon atoms of the amine 
used. Finally, the letter P indicates that the polymer was 
obtained according to the process described in the 
comparative examples C1-C5. 

EXAMPLE l 

An aqueous solution with 25% by weight of 
polyacrylic acid, of a molecular weight of about 150,000, 
marketed by Polysciences Inc. is lyophilized. In this way a 
dry and solid polyacrylic acid is obtained, designated 
hereafter 150-OC. 

7 g (97.14 mmoles) of 150-OC is dissolved under 
agitation, at ambient temperature, in 39.2 ml of 2M soda, 
then 12.2 ml of an aqueous solution, neutralized at pH = 7 
with 1M hydrochloric acid and containing 0.788 g (6.1 mmoles) 
of octylamine, is introduced slowly under agitation, at 
ambient temperature, into the solution thus obtained which 
has a pH of about 7, and the reaction medium is then left 
under agitation until a homogeneous solution is obtained. 
2.331 g (12.2 mmoles) of 3-ethyl l-(3-dimethylamino propyl) 
carbodiimide hydrochloride is then introduced in the solid 
state, under vigorous agitation and at ambient temperature, 
into this solution. The condensation reaction is almost 
instantaneous and the reaction solution thickens within a few 
minutes. Excess soda at 40% by weight is then introduced 
into the reaction medium so as to completely sal if y the 
carboxylic functions of the polymer obtained, then the 
reaction medium is poured into a large volume of methanol. 
The sought polymer precipitates, it is isolated by 
filtration, then it is washed with methanol and finally it is 
dried to a constant weight under reduced pressure at 50*C. 
In this way a water-soluble amphiphilic polymer is obtained 



7 



with a degree of polymerization equivalent to that of the 
precursor, based on sodium acrylate and N-octyl acrylamide, 
95/5 in molar proportions, and the N-octyl acrylamide units 
of which are distributed in a non-statistical manner along 
the polymer chains. This polymer is designated 150-5 C8 and 
its physical characteristics are given in tables I-III. The 
95/5 molar ratio of the polymer obtained was determined on 
the one hand by elementary analysis and on the other hand by 
NMR and 13 C analysis. 

EXAMPLES 2-9 

Example 1 is reproduced but the octylamine is 
replaced by x mmoles of an amine of formula (III) dissolved 
in water, in the presence of 1M hydrochloric acid so as to 
obtain a concentration of 0.5M and a pH of 7, and in the 
presence of 2 x moles of the same carbodiimide, EDC. In this 
way corresponding different polymers of formula (I) are 
obtained whose characteristics are given in tables I-III. 

COMPARITIVE EXAMPLES C1-C5 

(according to K.T. Wang et al, reference already cited) 

5 g (69.4 mmoles) of 150-OC is dissolved under 
agitation, at 60*C, in 150 ml of N-methyl 2-pyrrolidinone 
(MPD) , then y mmoles of an amine of formula (III) and 1.1 y 
mmoles of dicyclohexylcarbodiimide dissolved in 20 ml of MPD 
are introduced successively into this agitated solution, 
maintained at 60"C. Once the introductions are completed, 
the reaction medium is left under agitation at 60*C for 24 
hours, then after cooling down to ambient temperature, the 
dicyclohexylurea formed is eliminated by filtration and the 
filtrate is then diluted with soda at 40% by weight. The 
sought polymer precipitates, it is isolated by filtration 
then washed successively with MPD previously heated to 60*C 
and with methanol; the precipitate thus washed is then 
dissolved in water, then reprecipitated by the addition of 
methanol. After filtration and drying to a constant weight 
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at 50*C under reduced pressure, a water-soluble amphiphilic 
polymer is obtained with a degree of polymerization similar 
to the precursor, based on sodium acrylate and N-alkyl 
acrylamide, the N-alkyl acryl amide units of which are 
distributed according to Bernoulli's law along the polymer 
chains, as mentioned by K.T. Wang et al, reference already 
cited, page 578 and B. Magny et al, Polymer, ready for 
publication. 

The comparitive polymers mentioned in table IV were 
prepared in this way, the characteristics of which are given 
in tables II-IV. 

Examination of tables I-III shows that the polymers 
according to the invention differ from the polymers of the 
prior art with the same monomer composition by a different 
micro-structure which gives them a very different rheological 
behaviour in pure water and in salt water. In particular, in 
salt water, the polymers according to the invention have a 
viscosity which increases as a function of the increase in 
the salt concentration. Thus, for example, polymer 150-5 C8 
at 2.5% has a viscosity of 34 mPa.s in pure water at a 
temperature of 25 °C, and a viscosity of 162 mPa.s in water 
with 2% sodium chloride. This effect is surprising and 
extremely useful on an industrial level. 
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CLAIMS 



1. Water-soluble amphiphilic polymers of formula 



CH 2 -CH ) 1 CH 2 -CH \- (I) 




COOM/ m V CONHRJ n 



in which R represents a C 8 -c, 6 alkyl group, M represents a 
sodium or potassium atom, m and n satisfy the following 
relationships: m + n is comprised between about 500 and about 
20000 and the m/n molar ratio is comprised between 99.5/0.5 
and 80/20, and in which the N-alkyl acrylamide units are 
distributed along the polymer chains in a non-statistical 
fashion. 

2. Polymers according to claim 1, characterized in 
that in formula (I) , the m/n molar ratio is comprised between 

99.5/0.5 and 88/12. 

3. Polymers according to claim 2, characterized in 
that in formula (I) of claim 1, R is chosen from the group 
constituted by octyl, decyl, dodecyl and tetradecyl radicals. 

4. preparation process for polymers of formula (I) 
as defined in claim 1, characterized in that a polyacrylic 
acid of formula (II) : 





CH,-CH 
I 

COOH I m+n 



(ID 



in which m and n have the meaning already indicated, is 
reacted, in aqueous solution, at a pH of about 8 ± 1, with an 
amine of formula (III) : 

R-NH 2 (HI) 

in which R has the meaning already indicated, in the presence 
of a water-soluble carbodiimide, then an excess of alkali 
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metal hydroxide: MOH where M has the meaning already 
indicated is introduced into the reaction medium in order to 
completely salify the carboxyl groups of the polymer 
obtained, and in that finally the reaction medium is poured 
into methanol in order to obtain the corresponding polymer of 
formula (I) , 

5. Process according to claim 4, characterized in 
that the condensation of the polyacrylic acid of formula (II) 
with the amine of formula (III) is carried out at a 
temperature below 80*C. 

6. Process according to claim 4, characterized in 
that the water-soluble carbodiimide is 1-ethyl 
3-(3-dimethylamino propyl) carbodiimide hydrochloride. 

7. Water-soluble amphiphilic polymers of formula 
(I) as defined in claim 1, substantially as described in any 
one* of the foregoing Examples 1 to 9. 

8. A process according to claim 4, substantially 
as described in any one of the foregoing Examples 1 to 9. 

9. Water-soluble polymers according to any one of 
claims 1 to 3 and 7, whenever prepared by a process as claimed 
in any one of claims 4 to 6 and 8. 

10 • Use of polymers according to claim 1, as 
thickening agents for saline aqueous solutions. 
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